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PRETENSIONER 



(57) There is provided a pretensioner which can as 
a whole be made smaller. A rack and pinion type pre- 
tensioner is disposed outside a second leg plate 18 of 
a webbing take-up device 10. A driving mechanism of 
the pretensioner includes, as principal components, a 
piston 1 1 6 formed as a rack bar, and a pinion 1 02. The 



pinion 102 includes a toothed portion 104 and a clutch 
portion 106, and is directly connected to a winding shaft. 
Accordingly, as compared with a conventional system 
in which intermediate gears are disposed between the 
pinion 102 and the rack bar, the pretensioner can as a 
whole be made smaller both in radial and axial directions 
thereof. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a pretensioner 
integrated with a webbing take-up device in which a ve- 
hicle occupant-restraining webbing is wound on a wind- 
ing shaft in a layered form, and rotating the winding shaft 
by a predetermined amount in a direction in which the 
webbing is taken up by a rack and pinion type driving 
mechanism instantaneously with rapid deceleration of 
a vehicle. 

CONVENTIONAL TECHNOLOGY 

[0002] There has conventionally been used a so- 
called pretensioner which causes a winding shaft to ro- 
tate by a predetermined amount in a direction in which 
a webbing is taken up instantaneously with rapid decel- 
eration of a vehicle so as to improve an ability of restrain- 
ing a vehicle occupant by a webbing. 
[0003] Various types of driving mechanism of such a 
pretensioner have been examined and put to practical 
use. A pretensioner using a rack and pinion type driving 
mechanism which is disclosed in Japanese Patent Ap- 
plication Laid-Open (JP-A) No. 7-156751 will be de- 
scribed below. 

[0004] In the pretensioner disclosed therein, a cylin- 
drical pipe is mounted to a housing provided at a side 
portion of a webbing take-up device. A hollow piston is 
inserted into the cylindrical pipe so as to be movable in 
an axial direction of the pipe, and gunpowder and an 
ignition device are disposed within the piston. Further, 
rack teeth are formed at a predetermined position on the 
outer periphery of the piston and along the axial direc- 
tion of the piston, and the piston itself functions as a rack 
bar. 

[0005] A notch is formed at a predetermined position 
on the cylindrical pipe in the axial direction of the pipe, 
and pinion teeth of a pinion comes into the cylindrical 
pipe from the notch so as to be engageabie with the rack 
teeth. A first gear wheel whose diameter is larger than 
that of the pinion is coaxially connected to the pinion, 
and the first gear wheel engages with a second gear 
wheel. The second gear wheel is integrated with a cou- 
pling wheel which functions as a clutch. The second 
gear wheel is connected to an axial end of the winding 
shaft of the webbing take-up device via the coupling 
wheel. 

[0006] In the above-described structure, when a ve- 
hicle decelerates rapidly, gunpowder fires by the ignition 
device, and thrust generated during the ignition causes 
the piston (rack bar) to move within the cylindrical pipe 
in the axial direction. As a result, the pinion engaging 
with the rack teeth of the piston rotates around its axis 
so as to rotate the first gear wheel and the second gear 
wheel. The coupling wheel connected to the axial end 
of the winding shaft is integrated with the second gear 



wheel, and therefore, when the second gear wheel ro- 
tates, the winding shaft is rotated via the coupling wheel 
in the direction in which the webbing is taken up. 

5 PROBLEMS TO BE SOLVED BY THE INVENTION 

[0007] However, in the above-described structure, not 
only the pinion but also intermediate gears such as the 
first gear wheel and the second gear wheel are inter- 

10 posed between the piston (rack bar) serving as a driving 
starting point and the winding shaft serving as a driving 
end point, and therefore, a space for installation of these 
intermediate gears becomes necessary in the housing 
of the pretensioner. Accordingly, there arises a problem 

15 in that the pretensioner be as a whole made larger both 
in the radial and axial directions thereof 

DISCLOSURE OF THE INVENTION 

20 [0008] In view of the above-described facts, an object 
of the present invention is to provide a pretensioner 
which can be made smaller as a whole. 
[0009] A present invention recited in claim 1 is a pre- 
tensioner which is integrated with a webbing take-up de- 

25 vice in which a vehicle occupant-restraining webbing is 
wound on a winding shaft, and at the time of rapid de- 
celeration of a vehicle, which rotates the winding shaft 
by a predetermined amount in a direction in which the 
webbing is taken up by using a rack and pinion type driv- 

30 jng mechanism, wherein the driving mechanism com- 
prises: a piston disposed so as to be movable in a cyl- 
inder in an axial direction thereof and including a rack 
portion provided with rack teeth, the piston being pro- 
vided to move at the time of rapid deceleration of the 

35 vehicle; and a pinion disposed so as to engage with the 
rack teeth and directly connected to an axial end of the 
winding shaft via a clutch which is connected to the 
winding shaft, only at the time of rapid deceleration of 
the vehicle. 

40 [0010] A present invention recited in claim 2 is a pre- 
tensioner according to claim 1, wherein the pinion in- 
cludes a toothed portion in which pinion teeth engaging 
with the rack teeth are formed, and a clutch portion 
formed coaxially and integrally with the toothed portion 

45 and including the clutch at the side of an inner periphery 
thereof. 

[0011] A present invention recited in claim 3 is a pre- 
tensioner according to claim 2, wherein the piston in- 
cludes a piston portion to which gas pressure is applied, 

50 and the rack portion is made upright at a position offset 
from the center of the piston portion, the rack portion 
being disposed so as to move within a range of dimen- 
sion of an outer diameter of the clutch portion. 
[0012] A present invention recited in claim 4 is a pre- 

55 tensioner according to claim 1 , wherein the rack portion 
is disposed so as to be within a range of dimension of 
an outer diameter of the clutch portion. 
[0013] A present invention recited in claim 5 is a pre- 
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tensioner according to claim 2, wherein the rack portion 
is disposed so that a total length, in a predetermined 
direction, of the toothed portion and the rack portion in 
an engaged state, is less than or equal to a dimension 
of an outer diameter of the clutch portion, the predeter- 
mined direction being a direction substantially perpen- 
dicular to a direction of a rotating shaft of the pinion and 
to a direction to which the rack portion moves. 
[0014] According to claim 1 of the present invention, 
when a vehicle decelerates rapidly, the pretensioner in- 
tegrated with the webbing take-up device operates. 
Specifically, the piston (including the rack portion pro- 
vided with rack teeth), which is disposed within the cyl- 
inder and is formed as a rack bar, moves in an axial di- 
rection of the piston. When the piston moves in the axial 
direction, the pinion disposed so as to engage with the 
rack teeth of the piston is rotated. The pinion provided 
in the present invention is directly connected to an axial 
end of the winding shaft via the clutch which is connect- 
ed to the winding shaft only at the time of rapid deceler- 
ation of the vehicle. Therefore, when the pinion rotates, 
the winding shaft is rotated via the clutch in the direction 
in which the webbing is taken up. As a result, the vehicle 
occupant-restraining webbing is instantaneously taken 
up by an amount corresponding to a moving stroke of 
the piston and an ability of restraining a vehicle occupant 
by a webbing is thereby improved. 
[0015] In the present invention, since the pinion which 
rotates due to driving force of the piston formed as the 
rack bar is directly connected to the axial end of the 
winding shaft via the clutch, intermediate gears as used 
in a conventional system become unnecessary. For this 
reason, it is not necessary that a space of installation 
for the intermediate gears be provided in the pretension- 
er. Accordingly, the pretensioner can as a whole be 
made smaller both in axial and radial directions thereof. 
[0016] According to claim 2 of the present invention, 
the pinion is structured so as to include the toothed por- 
tion and the clutch portion which are integrated with 
each other. Therefore, as compared with a case in which 
the toothed portion and the clutch portion are separately 
provided, the space of installation can be further re- 
duced and the number of parts can also be reduced. 
[0017] According to claim 3 of the present invention, 
the piston includes the piston portion, and the rack por- 
tion is made upright at a position offset from the center 
of the piston portion and is also disposed so as to move 
in an axial direction of the piston within the range of di- 
mension of the outer diameter of the clutch portion. As 
a result, a rack and pinion type driving mechanism can 
be prevented from being made larger outwardly in the 
radial direction of the clutch portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a longitudinal cross sectional view showing 



an overall structure of a webbing take-up device ac- 
cording to an embodiment of the present invention. 
Fig. 2 is a side view showing the webbing take-up 
device according to the embodiment of the present 
5 invention in an unlocked state. 

Fig. 3 is a side view showing the webbing take-up 
device according to the embodiment of the present 
invention in a locked state. 

Fig. 4 is a front view of a torsion shaft shown in Fig. 
10 1 . 

Fig. 5 is a side view of a base lock shown in Fig. 1 . 
Fig. 6 is a front view of a lock plate shown in Fig. 1 . 
Fig. 7 is a rear view of a V gear shown in Fig. 1 
Fig. 8 is a side view of an acceleration sensor not 
15 shown in Fig. 1 . 

Fig. 9 is an enlarged cross sectional view of a prin- 
cipal portion of a pretensioner integrated with the 
webbing take-up device. 

Fig. 10 is a perspective view which shows a rack 
20 and pinion type driving mechanism of the preten- 
sioner. 

Fig. 11 is aside view which schematically shows the 
webbing take-up device with which the pretensioner 
is integrated. 

25 Fig. 12 is a rear view of a pinion shown in Fig. 9 

when seen from the direction indicated by arrow Q. 
Fig. 13A is a front view of a roller shown in Fig. 9, 
and Fig. 13B is a plan view of the roller. 

30 BEST MODE FOR IMPLEMENTING THE INVENTION 

[0019] Referring now to Figs. 1 to 12, 13A and 13B, 
a description will be hereinafter given of a webbing take- 
up device 10 with which a pretensioner 100 according 
35 to an embodiment of the present invention is integrated. 
[0020] First, a spool 1 2 of the webbing take-up device 
10 and a structure of parts integrated therewith, and a 
locking structure and the like will be described. Next, the 
structure of the pretensioner 100 which is a principal 
40 portion of the present embodiment will be described. 

[Spool 12 and structure of parts integrated therewith] 

[0021 ] Fig. 1 shows a longitudinal cross section which 
45 illustrates an overall structure of the webbing take-up 
device 10 according to the embodiment of the present 
invention. As illustrated in this figure, the webbing take- 
up device 1 0 includes a frame 1 4 having a substantially 
U-shaped configuration when seen from thetop, and the 
50 frame 1 4 is fixed to the side of a vehicle body. The frame 
14 includes a first leg plate 16 and a second leg plate 
1 8 extending therefrom parallel with each other. A spool 
1 2 formed by die casting is supported rotatabiy between 
the first leg plate 1 6 and the second leg plate 1 8. 
55 [0022] The spool 12 is comprised of a cylindrical spool 
shaft 12A which includes an axial core portion and on 
which one end of a webbing 126 (see Fig. 10) for re- 
straining a vehicle occupant is fastened, and a pair of 
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flange portions which are each formed substantially in 
the shape of a hollow circular plate at each of both ends 
of the spool shaft 12A (a flange portion disposed at the 
side of the first leg plate 16 will be hereinafter referred 
to as "first flange portion 12B" and a flange portion dis- 
posed at the side of the second leg plate 1 8 will be here- 
inafter referred to as "second flange portion 12C"). The 
spool 12 has, as a whole, a substantially hourglass- 
shaped configuration. 

[0023] A shaft insertion hole 20 is formed in the axial 
core portion of the spool shaft 1 2A. A base lock receiving 
portion 22 of which diameter is larger than a hole diam- 
eter of a central portion of the shaft insertion hole 20 is 
provided in the shaft insertion hole 20 at the side of the 
first flange portion 1 2B, and is formed so as to be coaxial 
with the shaft insertion hole 20. The base lock receiving 
portion 22 is comprised of a main body 22A formed by 
the most part thereof, and an end portion 22B of which 
diameter is larger than the main body 22A. 
[0024] A base lock 24 formed by die casting is mount- 
ed in the base lock receiving portion 22 in a state of be- 
ing prevented from coming out from the base lock re- 
ceiving portion 22. The base lock 24 is mounted in such 
a manner that after insertion of the base lock 24 into the 
base lock receiving portion 22, a stopper (not shown), 
serving as a come-out preventing member, which has a 
substantially U-shaped configuration when seen from 
the front is pressed therein from a direction perpendic- 
ularto the axial line. Further, in the present embodiment, 
the base lock 24 is manufactured by die casting, but 
there is not necessarily need to use the die casting. As 
is clear from an operation and effects, which will be de- 
scribed later, it suffices that the base lock 24 may be 
formed of a material which, when the base lock 24 con- 
tacts by pressure ratchet teeth 38A at the time of rapid 
deceleration of a vehicle, can be engaged with the ratch- 
et teeth 38A due to plastic deformation thereof. 
[0025] The base lock 24 is formed in the shape of a 
cylinder of which outer peripheral diameter varies along 
the axial direction thereof. The base lock 24 is com- 
prised of a base portion 24A fitted into the main body 
22A of the base lock receiving portion 22. an intermedi- 
ate portion 24B of which diameter is larger than an outer 
peripheral diameter of the base portion 24A and which 
is fitted into the end portion 22B of the base lock receiv- 
ing portion 22, and a holding portion 24C of which diam- 
eter is larger than an outer peripheral diameter of the 
intermediate portion 24B and which is disposed in con- 
tact with an outer side surface of the first flange portion 
12B. Further, an engagement hole 26 in the shape of a 
hexagon hole is formed in a portion of the axial core por- 
tion of the base lock 24 other than an outer end of the 
axial core portion (which end is located at the side of the 
holding portion 24C in the axial core portion of the base 
lock 24). Moreover, a small hole 28 of which diameter is 
smaller than the hole diameter of the engagement hole 
26 is formed at the outer end of the axial core portion in 
such a manner as to communicate with the engagement 



6 

hole 26. 

[0026] A sleeve receiving portion 30 of which diame- 
ter is larger than a hole diameter of the central portion 
of the shaft insertion hole 20 is formed in the shaft in- 
5 sertion hole 20 of the spool shaft 1 2A at the side of the 
second flange portion 12C. A sleeve 34 is fitted in the 
sleeve receiving portion 30 by using serration treatment 
or spline treatment. The sleeve 34 is comprised of a 
base portion 34A formed substantially in the shape of a 

10 cylinder and having a hexagon hole-shaped engage- 
ment hole 32 formed in an axial core portion thereof, an 
intermediate portion 34B formed adjacent to the base 
portion 34A and having an outer peripheral surface sub- 
jected to parallel knurling, and a small diameter portion 

15 34C protruded from an end and an axial core portion of 
the intermediate portion 34B. An inner end of urging 
means (a power spring) for urging to rotate the spool 1 2 
in the direction in which the webbing is taken up is fas- 
tened at the small diameter portion 34C of the sleeve 

20 34 via an adapter {not shown). 

[0027] The above-described base lock 24 and sleeve 
34 are connected with each other by a torsion shaft 36. 
As also illustrated in Fig. 4, the torsion shaft 36 is com- 
prised of a shaft portion 36A which forms a principal por- 

25 tion thereof, a hexagonal head portion 36B formed at 
one end of the shaft portion 36A, a hexagonal engaging 
portion 36C formed at another end of the shaft portion 
36A, a small diameter portion 36D extending from an 
end of an axial core portion of the engaging portion 36C 

30 so as to be coaxial with the shaft portion 36A, a gear 
holding portion 36E extending from the small diameter 
portion 36D so as to be coaxial with the shaft portion 
36A, and an end portion 36F extending from the gear 
holding portion 36E in such a manner as to be coaxial 

35 with the shaft portion 36A and having a key formed 
therein. The gectr holding portion 36E further includes a 
tapered portion of which diameter is gradually reduced 
along an axial direction of the shaft, a diameter-reduced 
portion of which diameter is smaller than that of the small 

40 diameter portion 36D, and a diameter-enlarged portion 
of which diameter is larger than the diameter-reduced 
portion. Referring again to Fig. 1 , the head portion 36B 
of the torsion shaft 36 is fitted in the hexagon hole- 
shaped engagement hofe 32 formed in the sleeve 34 

^5 and the engaging portion 36C of the torsion shaft 36 is 
fitted in the hexagon hole-shaped engagement hole 26 
formed in the base lock 24. As a result, the torsion shaft 
36 is integrated with the spool shaft 12A via the base 
lock 24 and the sleeve 34. The torsion shaft 36 having 

50 the above-described structure is a principal component 
of a force limiter which, when a webbing tension having 
a predetermined value or more acts on the spool 12 at 
the time of rapid deceleration of a vehicle, is distorted 
and deforms so as to absorb energy. 

55 [0028] In the above-described structure, the spool 12, 
the base lock 24. the sleeve 34, and the torsion shaft 36 
correspond to the "winding shaft" in the present inven- 
tion. 
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[Locking structure] 

[0029] As illustrated in Fig. 2 and also in Fig. 3, an 
internal gear ratchet 38 is formed by punching in an up- 
per portion of the first leg portion 16 of the frame 14. 
Ratchet teeth 38A of the internal gear ratchet 38 are set 
so as to have a high strength. 

[0030] The holding portion 24C of the base lock 24 is 
disposed at an inner side of the internal gear ratchet 38. 
The small diameter portion 36D of the torsion shaft 36 
is inserted in the above-described small hole 28 formed 
at the end of the axial core portion of the holding portion 
24C. A concave accommodating portion 40 (see Figs. 
2, 3 ; and 5) formed around the small hole 28 substan- 
tially in the shape of an arc along the outer periphery of 
the holding portion 24C is formed at the front side of the 
holding portion 24C (at an end of the holding portion 24C 
at the right side on the paper of Fig. 1 ). One end 40D of 
the accommodating portion 40 is closed and the other 
end is opened. The other end 40 F of the accommodat- 
ing portion 40 of the holding portion 24C in the base lock 
24 is chamfered so as not to prevent engagement be- 
tween a lock plate 42 with the internal gear ratchet 38, 
which will be described later The accommodating por- 
tion 40 accommodates a single lock plate 42 (see Figs. 
2, 3, and 6) having a substantially arc-shaped plate 
based on the shape of the accommodating portion 40. 
Further, a thin-walled lock cover 44 having the shape of 
a circular plate is mounted at an outer surface of the 
holding portion 24C of the base lock 24 in a state of stop- 
ping rotating so as to prevent falling of the lock plate 42. 
[0031] As illustrated in Fig. 6 and the like, the lock 
plate 42 is comprised of a metallic plate main body 42A 
formed as a substantially arc-shaped plate, a rectangu- 
lar protruding portion 42B extending from one end of the 
plate main body 42A substantially in a radial direction of 
the arc, that is, in a direction perpendicular to the plate 
main body 42A (nameiy, in a direction in which the lock 
plate 42 moves), high-strength lock teeth 42C formed in 
the outer periphery of the other end of the plate main 
body 42A and meshing with the ratchet teeth 38A of the 
internal gear ratchet 38 in the first leg plate 16, and a 
guide pin 42D formed to be upright from the other end 
of the piate main body 42A. A overall dimension of a 
transverse dimension of the plate main body 42A and a 
length extending from the plate main body 42A of the 
protruding portion 42B generally coincides with a trans- 
verse dimension of a wide portion 40A (see Figs. 2 and 
3) of the accommodating portion 40 of the base lock 24. 
The "transverse dimension" mentioned above is a di- 
mension in a direction in which the protruding portion 
42B is protruded. 

[0032] A substantially circular plate-shaped V gear 46 
of which diameter is larger than that of the base lock 24 
is disposed adjacent to the base lock 24. As also illus- 
trated in Fig. 7, a cylindrical boss 48 is formed at an axial 
core portion of the V gear 46 and is supported so as to 
rotate by following the gear holding portion 36E of the 



torsion shaft 36. Further, a substantially V-shaped guide 
hole 50 is formed in the V gear46 and the guide pin 42D 
made upright on the lock piate 42 is inserted in the guide 
hole 50. Moreover, lock teeth 46A are formed in the out- 
5 er periphery of the V gear 46 so as to be integrated with 
the V gear 46. 

[0033] A well-known VSIR acceleration sensor 52 
shown in Fig. 8 is disposed below the V gear 46. in Fig. 
1 , the acceleration sensor 52 is not shown. At the time 
to of rapid deceleration of a vehicle, a ball 54 of the accel- 
eration sensor 52 rolls on a sensor housing 56 to swing 
a sensor lever 58 ; and a lock pawl 58A of the sensor 
lever 58 is engaged with the lock tooth 46A of the V gear 
46. 

15 [0034] Returning to Fig. 1 , the above-described ac- 
celeration sensor 52 is held by a sensor holder 60 made 
of resin A sensor cover 62 made of resin and having a 
shape similar to that of the sensor holder 60 is disposed 
at the outer side of the sensor holder 60. The sensor 

20 holder 60 and the sensor cover 62 are integrated and 
fixed to the first leg plate 16 of the frame 14. A short 
cylindrical boss 60A is formed at the axial core portion 
of the sensor holder 60 integrally with the sensor holder 
60. The boss 60A supports the end portion 36F of the 

25 torsion shaft 36 Namely, the sensor holder 60 is allowed 
to function as a bearing of the torsion shaft 36. 
[0035] Internal teeth are formed integrally in the inner 
periphery of the above-described sensor holder 60 in 
such a manner as to be engageabie with a WSIR pawl 

30 (not shown) supported by the above-described V gear 
46. 

[Structure of pretensioner 100] 

35 [0036] As illustrated in Figs. 9 to 11 , the pretensioner 
100 is integrated with the above-described webbing 
take-up device 1 0 at the side of the second leg plate 18. 
[0037] Specifically, the intermediate portion 34B and 
the small diameter portion 34C of the sleeve 34 mounted 

40 to the spool 1 2 at the side of the second ieg plate 1 8 are 
disposed so as to project outside the second leg plate 
1 8. The intermediate portion 34B and the small diameter 
portion 34C are covered by fitting a pinion 102 thereon 
from the outer peripheral side thereof. The pinion 102 

^5 includes a toothed portion 1 04 covering the small diam- 
eter portion 34C of the sleeve 34 and having pinion teeth 
1 04A formed on an outer periphery thereof, and a clutch 
portion 106 covering the intermediate portion 34B and 
formed integrally with and adjacent to the toothed por- 

50 tion 104. 

[0038] As illustrated in Fig. 1 2, th ree concave portions 
1 08 are formed at the side of the inner periphery of the 
clutch portion 106 at intervals of 120 degrees. These 
concave portions 1 08 are connected together along a 
55 circumferential direction of the clutch portion 106 (that 
is, both ends of each concave portion 1 08 in the circum- 
ferential direction are respectively connected to ends of 
other concave portions 108). The concave portions 108 
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each include a wide portion and narrow portions at both 
ends thereof. A roller 110 is accommodated in each of 
the wide portions. As illustrated in Fig. 13, the outer pe- 
ripheral surface of the roller 110 is subjected to parallel 
knurling in such a manner as in the intermediate portion 
34B of the sleeve 34. These concave portions 1 08 and 
the rollers 110 correspond to a "clutch" of the present 
invention. 

[0039] A piston 1 1 6 formed as a rack bar is disposed 
in the vicinity of the pinion teeth 1 04A of the above-de- 
scribed pinion 102 and is accommodated in a cylinder 
1 1 4 of a cartridge 1 1 2 (sec Fig. 1 1 ) so as to bo movable 
in an axial direction of the cylinder 1 1 4. The piston 1 1 6 
includes a circular plate-shaped piston portion 118 to 
which gas pressure is applied, and a rack portion 120 
made upright on the piston portion 11 8. A piston ring 1 22 
is mounted at the lower side of the piston portion 118. 
Further, rack teeth 120A engaging with the pinion teeth 
1 04A are formed on one surface of the rack portion 1 20. 
The rack portion 1 20 is disposed at a position offset from 
the center of the circular plate-shaped piston portion 118 
and is disposed so as to be movable in the axial direction 
within the range of dimension of an outer diameter of 
the clutch portion 106. Namely, the rack portion 120 is 
disposed so that a total length, in a predetermined di- 
rection, of the toothed portion 104 and the rack portion 
120 in an engaged state is set within the range of di- 
mension of the outer diameter of the clutch portion 1 06. 
The predetermined direction mentioned herein means 
a direction substantially perpendicular to a direction of 
a rotating shaft of the pinion 102 and to a direction to 
which the rack portion 120 moves. 
[0040] A gas generator 124 (see Fig. 11) in which a 
gas generating agent (not shown) is accommodated is 
connected to a lower end of the cylinder 114 in which 
the above-described piston 116 is accommodated. 
[0041] Next, an operation and effects of the present 
embodiment will be described. 

[0042] When a tongue plate (not shown) through 
which a webbing 126 passes is engaged with a buckle 
device (not shown) by a vehicle occupant, the webbing 
126 is pulled out from the spool 12 against urging force 
of a power spring. The vehicle occupant is brought into 
a state in which the webbing of a three-point type seat 
belt apparatus is applied thereto. Namely, a webbing 
126 between a shoulder anchor (not shown) disposed 
above a center pillar and the tongue plate becomes a 
shoulder-side webbing, and a webbing 1 26 between the 
tongue plate and the buckle device becomes a lap-side 
webbing. 

[0043] In a case in which a vehicle is caused to travel 
in the above-described state, when the vehicle deceler- 
ates rapidly, the pretensioner 1 00 operates. Namely, an 
ignition device operates and the gas generating agent 
accommodated in the gas generator 1 24 of the cartridge 
112 combusts to allow generation of gas . The generated 
gas is supplied from the gas generator 124 to the lower 
end of the cylinder 1 1 4. Accordingly, the piston 1 1 6 ac- 



commodated in the cylinder 114 moves in the axial di- 
rection of the cylinder 114. When the piston 1 1 6 moves 
in the axial direction, the rack teeth 120A of the rack 
portion 120 of the piston 116 engages with the pinion 
5 teeth 1 04A of the toothed portion 1 04 of the pinion 1 02 
so as to rotate the pinion 102 in the direction in which 
the webbing is taken up. For this reason, the clutch por- 
tion 106 integrated with the toothed portion 104 of the 
pinion 102 is also rotated in the same direction. 

to [0044] As a result, the rollers 1 1 0 held in the concave 
portions 108 of the clutch portion 106 move relatively 
from the wide portions to the narrow portions and the 
roller 1 1 0 is interposed between the inner peripheral sur- 
face of the clutch portion 106 and the outer peripheral 

15 surface of the intermediate portion 34B of the sleeve 34. 
The outer peripheral surface of the intermediate portion 
34B of the sleeve 34 and the outer peripheral surface of 
the roller 1 1 0 are each subjected to parallel knurling, and 
therefore ; they are brought into an engaged state. Ac- 

20 cordingly, the pinion 102 and the sleeve 34 are brought 
into a state of being connected together via the clutch 
portion 106, and rotating force of the pinion 102 is di- 
rectly transmitted to the sleeve 34. 
[0045] The base portion 34A of the sleeve 34 and the 

25 spool shaft 12A of the spool 12 are engaged with each 
other by serration treatment or spline treatment. There- 
fore, when the sleeve 34 is rotated in the direction in 
which the webbing is taken up, the spool 12 is also ro- 
tated in the direction in which the webbing is taken up. 

30 As a result, the webbing 126 is taken up by an amount 
corresponding to a moving stroke of the piston 1 1 6 and 
a vehicle occupant is thereby restrained. 
[0046] Simultaneously with the above-described op- 
eration, the state of rapid deceleration of the vehicle is 

35 detected by the acceleration sensor 52. In other words, 
the ball 54 of the acceleration sensor 52 rolls on the sen- 
sor housing 56 to allow the sensor lever 58 to swing. As 
a result, the lock paw! 58A of the sensor lever 58 is en- 
gaged with the lock tooth 46A of the V gear 46 and the 

40 rotation of the V gear 46 in the direction in which the 
webbing is pulled out is prevented. 
[0047] On the other hand, the spool 12 is about to ro- 
tate in the direction in which the webbing is pulled out 
due to a webbing tension caused by inertia movement 

45 of a vehicle occupant. Accordingly, relative rotation is 
caused between the spool 12 which is about to rotate in 
the direction in which the webbing is pulled out, and the 
V gear 46 which is prevented from rotating in the direc- 
tion in which the webbing is pulled out. When the relative 

50 rotation is caused between the spool 1 2 and the V gear 
46, as can be seen from the comparison of Figs. 2 and 
3, the guide pin 42D of the lock plate 42 held in the ac- 
commodating portion 40 formed in the holding portion 
24C of the base lock 24 is guided by the guide hole 50 

55 of the V gear 46 (that is, the guide pin 42D moves within 
the guide hole 50), the lock plate 42 is moved outward 
substantially in a radial direction of the base lock 24. 
Namely, the lock plate 42 is moved in a direction to which 
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the lock teeth 42C of the lock plate 42 move close to the 
ratchet teeth. As a result, the lock teeth 42C of the lock 
plate 42 are engaged with the ratchet teeth 38A of the 
internal gear ratchet 38 provided in the first leg plate 1 6 
of the frame 14. 

[0048] When the lock teeth 42C of the lock plate 42 
are engaged with the ratchet teeth 38A of the internal 
gear ratchet 38, reaction force caused by the engage- 
ment acts on the holding portion 24C of the base lock 
24. The reaction force is caused by engagement be- 
tween the high-strength lock teeth 42C and the high- 
strength ratchet teeth 38 A at the time of rapid deceler- 
ation of a vehicle, and therefore, it becomes a consid- 
erably large force. Accordingly, the reaction force natu- 
rally acts on the torsion shaft 36 passing through the 
axial core portion of the base lock 24. Further, the end 
portion 36F of the torsion shaft 36 is supported by the 
boss 60A of the sensor holder 60 made of resin, and 
therefore, the reaction force acts on the boss 60A of the 
sensor holder 60 from the end portion 36F of the torsion 
shaft 36, and the boss 60A of the sensor holder 60 elas- 
tically deforms in the direction in which the reaction force 
acts, that is, in the direction opposite to that in which the 
lock plate 42 is engaged with the ratchet teeth 38A (the 
direction indicated by arrow P in Fig. 3). As a result, a 
portion of the outer periphery of the holding portion 24C 
of the base lock 24 (a region enclosed by the line indi- 
cated by arrow P in Fig. 3) is strongly pressed on the 
ratchet teeth 38A of the internal gear ratchet 38 of the 
frame 1 4. The base lock 24 is formed by die casting and 
is made of a relatively soft material. Accordingly, when 
the ratchet teeth 38A contacts by pressure the base lock 
24, the base lock 24 plastically deforms so that the ratch- 
et teeth 38A bite therein, thereby causing the portion of 
the outer periphery of the holding portion 24C to be di- 
rectly engaged with the ratchet teeth 38 A. As a result, 
the rotation of the spool 12 in the direction in which the 
webbing is pulled out is prevented and the webbing 
take-up device is brought into a locked state. 
[0049] The foregoing description was given of basic 
operations of the webbing take-up device 1 0 and the 
pretensioner 1 00 according to the present embodiment. 
As can be seen therefrom, in the present embodiment, 
the pretensioner 100 using a rack and pinion driving 
mechanism is constructed in such a manner that the pin- 
ion 102 rotating by driving force of the piston 116 which 
is structured as the rack bar is directly connected to the 
axial end of the sleeve 34 via the clutch portion 1 06, and 
therefore, intermediate gears required by a convention- 
al system are not necessary. For this reason, it becomes 
unnecessary to provide a space of installation for the 
intermediate gears in the pretensioner 1 00. Accordingly, 
the pretensioner 100 can as a whole be made smaller 
both in axial and radial directions thereof. 
[0050] In the present embodiment, particularly, the 
pinion 1 02 is formed in such a manner that the toothed 
portion 104 and the clutch portion 106 are integrated 
with each other. Therefore, as compared with a case in 



which the toothed portion 1 04 and the clutch portion 1 06 
are provided separately, the space of installation there- 
for can be further reduced. Accordingly, the entire size 
of the pretensioner 100 can be made even smaller. In 
5 addition, the number of parts can also be reduced and 
the structure of the pretensioner can be simplified ac- 
cordingly 

[0051 ] Further, in the present embodiment, the piston 
116 is structured to include the piston portion 118 and 

10 the rack portion 120. The rack portion 120 is made up- 
right at a position offset from the center of the piston 
portion 118 and is disposed so as to move in the axial 
direction of the piston 1 1 6 within the range of dimension 
of the outer diameter of the clutch portion 1 06. Accord- 

15 ingly, there is no possibility that the rack and pinion type 
driving mechanism be made larger outwardly in the ra- 
dial direction of the clutch portion 1 06. As a result, in the 
present embodiment, the pretensioner 100 can as a 
whole be made much smaller. 

20 [0052] Moreover, in the present embodiment, as de- 
scribed above, the pinion 102 is directly connected to 
the sleeve 34 which forms a part of the winding shaft, 
and therefore, a transmission path of driving force be- 
tween the piston 116 (the rack bar) set as the driving 

25 starting point and the driving end point (that is, the 
sleeve 34) becomes shorter. Accordingly, a speed of re- 
sponse of the pretensioner 100 can be increased. 
[0053] In the present embodiment, the present inven- 
tion is applied to the webbing take-up device 10 

30 equipped with the pretensioner 1 00 and the force limiter, 
but the present invention is not limited to the same. The 
pretensioner according to the present invention may al- 
so be applied to a webbing take-up device equipped with 
no force limiter. 

35 [0054] Further, in the present embodiment, the clutch 
portion 106 is integrated with the pinion 102 : but a pinion 
and a clutch may also be formed as separate compo- 
nents. 

[0055] Still further, the structure of the present embod- 
40 jment is such that the rack portion 1 20 moves in the axial 
direction within the range of dimension of the outer di- 
ameter of the clutch portion 106 due to the rack portion 
120 being disposed offset from the center of the piston 
portion 118. However, a rack portion may be disposed 
45 coaxially with the center of a piston portion. 

[0056] Moreover, in the present embodiment, the 
clutch using the rollers 1 1 0 is provided, but the present 
invention is not limited to the same. Various types of 
clutches, such as a clutch using balls in place of the roll- 
50 ers 1 1 0 can be adopted. 

EFFECT OF INVENTION 

[0057] As described above, in accordance with claim 
55 1 of the present invention, there is provided the preten- 
sioner which is integrated with a webbing take-up device 
in which a vehicle occupant-restraining webbing is 
wound on a winding shaft, and at the time of rapid de- 
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celeration of a vehicle, which rotates the winding shaft 
by a predetermined amount in a direction in which the 
webbing is taken up by using a rack and pinion type driv- 
ing mechanism, wherein the driving mechanism com- 
prises: a piston disposed so as to be movable in a cyl- 
inder in an axial direction thereof and including a rack 
portion provided with rack teeth, said piston being pro- 
vided to move at the time of rapid deceleration of the 
vehicle; and a pinion disposed so as to engage with the 
rack teeth and directly connected to an axial end of the 
winding shaft via a clutch which is connected to the 
winding shaft, only at the time of rapid deceleration of 
the vehicle. Accordingly, intermediate gears conven- 
tionally used become unnecessary, and as a result, the 
overall size of the pretensioner can be made smaller 
both in axial and radial directions thereof. 
[0058] In accordance with claim 2 of the present in- 
vention, a pretensioner according to claim 1 , the pinion 
includes: a toothed portion in which pinion teeth engag- 
ing with the rack teeth are formed; and a clutch portion 
formed coaxially and integrally with the toothed portion 
and including the clutch at the side of an inner periphery 
thereof. Accordingly, as compared with a case in which 
the toothed portion and the clutch portion are provided 
separately, the space of installation therefor can be fur- 
ther reduced, and the number of parts can also be re- 
duced. As a result, the overall size of the pretensioner 
can be made even smaller and the structure thereof can 
be simplified. 

[0059] In accordance with claim 3 of the present in- 
vention, a pretensioner according to claim 2, the piston 
includes a piston portion to which gas pressure is ap- 
plied, and the rack portion is made upright at a position 
offset from the center of the piston portion, the rack por- 
tion being disposed so as to move within a range of di- 
mension of an outer diameter of the clutch portion. Ac- 
cordingly, there is no possibility that the rack and pinion 
type driving mechanism be made larger outwardly in the 
radial direction of the clutch portion. As a result, the 
overall size of the pretensioner can be made much 
smaller. 



Claims 

1. A pretensioner which is integrated with a webbing 
take-up device in which a vehicle occupant-re- 
straining webbing is wound on a winding shaft, and 
at the time of rapid deceleration of a vehicle, which 
rotates the winding shaft by a predetermined 
amount in a direction in which the webbing is taken 
up by using a rack and pinion type driving mecha- 
nism, 

wherein the driving mechanism comprises: 

a piston disposed so as to be movable in a cyl- 
inder in an axial direction thereof and including 
a rack portion provided with rack teeth , said pis- 



ton being provided to move at the time of rapid 
deceleration of the vehicle; and 
a pinion disposed so as to engage with the rack 
teeth and directly connected to an axial end of 
5 the winding shaft via a clutch which is connect- 

ed to the winding shaft, only at the time of rapid 
deceleration of the vehicle. 

2. A pretensioner according to claim 1 , wherein the 
10 pinion includes: 

a toothed portion in which pinion teeth engag- 
ing with the rack teeth are formed; and 
a clutch portion formed coaxially and integrally 
15 with the toothed portion and including the clutch 

at the side of an inner periphery thereof 

3. A pretensioner according to claim 2, wherein the 
piston includes a piston portion to which gas pres- 
to sure is applied, and the rack portion is made upright 

at a position offset from the center of the piston por- 
tion, the rack portion being disposed so as to move 
within a range of dimension of an outer diameter of 
the clutch portion. 

25 

4. A pretensioner according to claim 1 , wherein the 
rack portion is disposed so as to be within a range 
of dimension of an outer diameter of the clutch por- 
tion. 

30 

5. A pretensioner according to claim 2, wherein the 
rack portion is disposed so that a total length, in a 
predetermined direction, of the toothed portion and 
the rack portion in an engaged state is less than or 

35 equal to a dimension of an outer diameter of the 

clutch portion, the predetermined direction being a 
direction substantially perpendicular to a direction 
of a rotating shaft of the pinion and to a direction to 
which the rack portion moves. 

40 

Amended Claims under Art 19.1 PCT 

1 . (Amended) A pretensioner which is integrated with 
^5 a webbing take-up device in which a vehicle occu- 
pant-restraining webbing is wound on a winding 
shaft, and at the time of rapid deceleration of a ve- 
hicle, which rotates the winding shaft by a predeter- 
mined amount in a direction in which the webbing 
50 is taken up by using a rack and pinion type driving 
mechanism, 

wherein the driving mechanism comprises: 

a piston disposed so as to be movable in a cyl- 
55 inder in an axial direction thereof and including 

a rack portion provided with rack teeth, said pis- 
ton being provided to move at the time of rapid 
deceleration of the vehicle; and 
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a pinion disposed so as to engage with the rack 
teeth and directly connected to an axial end of 
the winding shaft via a clutch which is connect- 
ed to the winding shaft, only at the time of rapid 
deceleration of the vehicle, 5 
the pinion including: 

a toothed portion in which pinion teeth en- 
gaging with the rack teeth are formed; and 
a clutch portion including a clutch at the 10 
side of an inner periphery thereof and be- 
ing formed coaxially and integrally with the 
toothed portion. 

2. (Deleted) 15 

3. (Amended) A pretensioner according to claim 1 , 
wherein the piston includes a piston portion to which 
gas pressure is applied, and the rack portion is 
made upright at a position offset from the center of 20 
the piston portion, the rack portion being disposed 

so as to move within a range of dimension of an 
outer diameter of the clutch portion. 

4. (Amended) A pretensioner according to claim 1, 25 
wherein the rack portion is disposed so as to be 
within a range of dimension of an outer diameter of 
the clutch portion. 

5. (Amended) A pretensioner according to claim 1, 30 
wherein the rack portion is disposed so that a total 
length, in a predetermined direction, of the toothed 
portion and the rack portion in an engaged state is 
less than or equal to a dimension of an outer diam- 
eter of the clutch portion, the predetermined direc- 35 
tion being a direction substantially perpendicular to 

a direction of a rotating shaft of the pinion and to a 
direction to which the rack portion moves. 
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